Abstract. A new factor that effects protein synthesis by Escherichia coli extracts was partially purified from the 1 M NH4Cl wash of E. coli ribosomes. This factor stimulates the binding of aminoacyl-tRNA to 30S ribosomes, and it increases the rate of synthesis of polyphenylalanine in the presence of 30S and 50S subunits.
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The binding of N-formylmethionyl-(fMet-)tRNA and aminoacyl-tRNA to 30S ribosomes has been reported by several groups of investigators. -9 In contrast to the situation with fMet-tRNA, however, the binding of aminoacyl-tRNA is frequently difficult to demonstrate, and the level of binding obtained is usually low unless a high concentration of magnesium is used.6' 7 Furthermore, aminoacyl-tRNA binding to 30S ribosomes is not enhanced by any of the enzymatic factors involved in protein synthesis (Tu, Ts, G) 10; indeed, initiation factors have been shown to inhibit this binding.8"'l During the investigation of this inhibition, we have discovered in the 1 M NH4C1 wash of E. coli ribosomes a soluble factor which markedly stimulates the binding of aminoacyl-tRNA to 30S ribosomes at low concentrations of magnesium (5-10 mM). This factor also stimulates polyphenylalanine synthesis in the presence of both 305 and 50S subunits. The new factor has been shown to be different from all the other factors known to be involved in polypeptide chain synthesis. We call it "aminoacyl-tRNA binding factor" or FAB.
Materials and Methods. Ribosomes were prepared from E. coli K 12.12 Subunits were prepared by dialysis of these ribosomes in a buffer containing 20 mM Tris -HC1 buffer pH 7.4, 0.3 mM magnesium acetate, 100 mM NH4Cl, and 1 mM dithiothreitol (DTT), for 4 hr at 4VC, and then separated on a 5-20% sucrose density gradient (13 ml) containing the same buffer and salt, in a Spinco SW 40 rotor at 40,000 rpm for 4.5 hr. Fractions (0.5 ml) were collected, and the concentration of magnesium acetate in the tubes containing the 30S subunits was immediately raised to 25 mM; the Tris .HCl was raised to 100 mM. The 30S subunits were tested for the presence of 50S contamination by assay for polyphenylalanine synthesis; only those fractions which did not support polyphenylalanine synthesis were used for subsequent experiments. The fractions containing the 50S subunits were pooled, the Mg2+ concentration was raised to 10 mM, and the ribosomes were concentrated by ultracentrifugation and further purified on another sucrose density gradient. The 30S fraction used was less than 0.3% contaminated by 50S Ts, Tu, and G were prepared by the method of Ertel et al. '7 The assay for aminoacyl-tRNA binding to 30S ribosomes was performed as follows. 15-30 pmol of 30S ribosomes was heat activated at 50'C for 2 min (ref. 3 , and unpublished data) and then immediately cooled. The 30S ribosomes were added to reaction mixtures containing 30 mM Tris-HCl, pH 7.4, 7.5 mM magnesium acetate, 100 mM NH4Cl, 1 mM DTT, mixed tRNA containing 10 pmol of Phe-tRNA or N-acetyl PhetRNA, 10 ,g of poly U (or the equivalent amounts of Lys-tRNA or Val-tRNA and poly A or poly(U, G), respectively, in the appropriate experiment), in a final volume of 50-100 Al.
Where indicated, 0.5 mM GTP and various factors were added to the reaction mixtures.
After incubation at 250C for 4 min, the reaction mixtures were diluted with 2 ml of buffer containing 50 mM Tris HCl, pH 7.4, 7.5 mM magnesium acetate, and 100 mM NH4Cl, and washed on Millipore HAWP nitrocellulose filters.'8 The dried filters were counted in a Beckman Liquid Scintillation Counter.
Polyphenylalanine synthesis was performed in 50-100 ,l reaction mixtures containing 30 mM Tris-HCl, pH 7.4, 9 mM magnesium acetate, 100 mM NH4Cl, 1 mM DTT, 10 Ag poly U, 15 pmol of ['H]Phe-tRNA of 20 pmol 30S, 20 pmol of 50S ribosomes, and transfer factors as indicated in the tables and figure legends. Tubes were incubated at 250C for 15 min. The 30S ribosomes were heated before the 50S subunits were added. The reactions were terminated by adding 5% trichloroacetic acid, heated at 900C for 15 min, cooled, and washed on nitrocellulose filters.
The purification of FAB will be described in detail in a later communication. Preliminary experiments showed that most of the FAB was in the 1 M wash fraction, and very little could be found in the S-100. Briefly, the 1 M NH4Cl wash of E. coli ribosomes were precipitated with 45% saturated (NH4)2S04. The of Phe-tRNA binding by FAB was less than that in Table 1 . This was due to a higher level of background binding, which varied from one preparation of 30S ribosomes to another. However, the stimulation is regularly seen, and varies from 2 to 8 times over background. Also, the effect on Lys-tRNA and Val-tRNA binding, though consistent, is generally smaller than that on Phe-tRNA. The reason for this is not clear. The absence of any effect of FAB by itself on fMettRNA binding is also seen in Table 2 . This point was investigated further, as shown in Fig. 1 . It is clear that over a wide range of F2 concentrations, FAB does not alter the binding of fMet-tRNA to 30S ribosomes. Thus, FAB appears to be specific for aminoacyl-tRNA, and exerts no effect on the binding of fMet-tRNA to 30S ribosomes. When Phe-tRNA is acetylated, it simulates fMet-tRNA, and is capable of initiating peptide chain synthesis in response to initiation factors. 19 Since FAB has no effect on fMet-tRNA binding to 30S ribosomes, it was interesting to see if N-acetyl-Phe-tRNA remains sensitive to FAB. The data in Table 3 show that N-acetyl-Phe-tRNA can be bound to 30S ribosomes, by F2 in the presence of F1 and GTP, and by FAB in their absence. Moreover, the FAB-dependent binding of both Phe-tRNA and N-acetyl-Phe-tRNA is strongly inhibited by F1 and GTP. This inhibition has been found to be due mainly to F1 (unpublished results).
Comparison to the elongation factors: Since the T factors are involved in the binding of aminoacyl-tRNA to 70S ribosomes, their properties were compared to those of FAB. Our conclusion-that FAB is different from these factors is based on the following observations. (1) Neither Ts, Tu, nor G affect the binding of Phe-tRNA to 30S ribosomes at concentrations within the range that stimulate polyphenylalanine synthesis (Table 4) . (2) The T-mediated binding19 of PhetRNA to 70S ribosomes is GTP-dependent while the FAB-stimulated binding of Phe-tRNA to 30S subunits is not. (3) When Tu, Ts, and FAB were sedimented in glycerol density gradients, FAB sedimented at a different rate from both Tu and Ts: the molecular weight of FAB was estimated to be 20-25,000 (unpublished data). (4) A further difference between FAB and Tu is their effect on binding in the presence of both 30S and 50S subunits (Table 5) . FAB alone stimulates the binding of the tRNA while Tu has no effect. When Tu and FAB were added together, a further stimulation of Phe-tRNA binding is obtained. Thus Tu and FAB appear to work synergistically; the reason for this is being investigated. FAB has little or no effect on polyphenylalanine synthesis on 70S ribosomes in the presence of Ts, Tu, and G, and it cannot replace any of these factors. However, when polyphenylalanine synthesis was performed on 30S and 50S subunits, FAB stimulated the rate of polyphenylalanine synthesis (Fig. 2) . This stimulation is most marked at lower concentrations of G. The reason for the positive effect on 30S and 50S subunits, and the negligible effect on 70S ribosomes, is not clear at the present time. It was of interest to determine whether FAB is a ribosomal protein which was partially eluted from the 30S subunit. If this were the case, all the effects seen might simply be due to the restoration of this protein to partially depleted 30S ribosomes. However, the experiment described in Fig. 3 made this possibility highly unlikely. When three successive 1 M NH4C1 washes from a preparation of ribosomes were assayed for FAB activity, over 95% of the activity was in the first wash. It is therefore eluted from the ribosome in the same manner as the initiation factors, and cannot be classified as a ribosomal protein in the usual sense. It is also not found in the S-100 fraction, as noted above.
Discussion. We believe that FAB is a new factor, the action of which is to stabilize the binding of aminoacyl-tRNA to the 30S subunit. It has no effect on fMet-tRNA binding and is different from the peptide chain elongation factors Tu, Ts, and G. Although both Tu and FAB can stimulate the binding of aminoacyl-tRNA to 70S ribosomes, only FAB functions in the presence of the 30S subunit. The possibility that FAB and Tu act at different sites on the ribosome is being investigated. Although FAB, unlike Tu and G, is not absolutely required for peptide chain synthesis, it does stimultt the rate of polyphenylalanine synthesis on reassociated 30S and 50S ribosomes. In this sense, it seems analogous to F,, which also merely stimulates the rate of a reaction which can proceed in its absence. That F1 inhibits the action of FAB adds further interest to this analogy. The possibility that both of these factors serve as "stabilizers" of different but related ribosomal complexes is being investigated.
Note Added in Proof. The effect of FAB on protein synthesis directed by R17 RNA
